adducts in a coordinated multi--step process. This process has been extensively studied, however 31 once the repair reaction is accomplished, little is known about how transcription restarts. In this 32 study, we show that, after UV irradiation, the CDK9/CyclinT1 kinase unit is specifically released from 33 the HEXIM1 complex and that this released fraction is degraded in the absence of CSB. We determine 34 that UV--irradiation induces a specific Ser2 phosphorylation of the RNA polymerase II and that this 35 phosphorylation is CSB dependent. Surprisingly CDK9 is not responsible for this phosphorylation but 36 instead plays a non--enzymatic role in transcription restart after DNA repair. 
100
In this article we investigated the role of CDK9 during transcription--coupled repair (TCR) and 101 most precisely during resumption of transcription after DNA repair (RTR). Our results clearly show 102 that CDK9 plays a role during RTR but that, differently from its function during release of paused
7
The golden standard assay to measure TCR activity in the cell is the RRS (RNA--Recovery 
) and that this amount results in a 70% residual basal transcription activity ( Fig S3) . In order to
146
quantify only the effect of CDK9 silencing on TCR, we took into account the reduction in
147
transcriptional activity observed when CDK9 is silenced and normalized the mRNA production at 2, 5, 
155
In order to discriminate whether CDK9 plays a role in the repair process or in the restart of 156 transcription after repair, we performed an assay designed previously in our group which specifically 157 measures repair replication during TCR: the TCR--UDS assay (8). We treated with siCDK9 and siXPF,
158
XPC--mutant cells (GGR--deficient) in order to be able to monitor only TCR--specific replication levels
159
within locally UV--exposed nuclear regions. In order to precisely localize the UV--induced DNA--
160
damaged areas, a co--immunofluorescence labeling of γ--H2AX was performed and repair replication 161 was quantified. In siXPF treated XPC--negative cells both GGR and TCR pathways are compromised 8 and, as expected, low TCR--UDS levels were observed (Fig 1D) . In contrast, the knockdown of CDK9 
168

UV--irradiation induces a dissociation of the CDK9--HEXIM1 complex
169
In order to study in details the role of CDK9 during RTR, we generated stably expressing GFP--
170
tagged CDK9 (CDK9--GFP) SV40--immortalized human fibroblasts (MRC5SV40, here after MRC5). A
171
simplified scheme of the recombinant fused--protein is depicted in Figure S4A . High--resolution
172
confocal imaging of these cell lines revealed that CDK9--GFP is mainly present in the nucleoplasm, and 173 absent in the nucleoli and/or the cytoplasm (Fig S4B) . By performing immunofluorescence
174
experiments on fixed--cells exogenously expressing CDK9--GFP, we confirmed that the cellular 175 localization of the recombinant protein is very similar to that of the endogenous proteins ( Fig  S4B) .
176
Immunoblot analysis on whole cell extracts of CDK9--GFP expressing cells has been used to quantify 177 the ratio of the recombinant protein expression in comparison with the endogenous untagged 178 protein. As shown in Figure S4C , CDK9--GFP expression is equivalent to the endogenous CDK9.
179
We could previously show that ELL is localized on locally damaged nuclear regions (8).
180
Because of the physical interactions between ELL and CDK9 (12) we investigated whether CDK9 is 181 also recruited on these damaged regions. We compared CDK9 immediate recruitment on DNA
182
lesions to the accumulation of the TCR--specific protein CSA (Fig  2A) . Confocal time--lapse images of 183 living CDK9--GFP and CSA--GFP were taken after induction of local damage and the accumulation of 184 the two proteins on these locally damaged areas was quantified. Interestingly, in contrast to CSA and 185 ELL (8), there is no accumulation of CDK9 to the DNA damage. (Fig2A and 2B) . This is not due to
186
higher expression of the endogenous CDK9 in comparison with the GFP--tagged version, since their 187 expression is equivalent as shown above (Fig S4C) .
9
However, it has to be noticed that these recruitment measurements were obtained seconds 
196
and the recovery of fluorescence will be reduced. Unexpectedly, as shown in Figure 2C , instead of
197
having a reduced mobility (as repair proteins have), CDK9 becomes more mobile after UV irradiation.
198
This might suggest the existence of fraction of CDK9 that is part of a larger complex with lower 
207
CDK9/CyclinT1 could be co--immuno--precipitated (Fig 2D and 2E ). However, 2 to 4 hours after UV--
208
irradiation a lower amount of CDK9/CyclinT1 could be immuno--precipitated together with HEXIM1
209
showing, as previously reported (19) that UV--irradiation causes a dissociation of CDK9/CyclinT1 from 210 HEXIM1 (Fig 2D and 2E 
217
induction is lost (Fig 3A and Fig2C) . This result can be explained by invocating that the remobilization 218 from HEXIM1 of CDK9 after UV damage takes place via a CSB and probably TCR--dependent 219 mechanism or that the released fraction is rapidly degraded in the absence of CSB. This last 220 hypothesis was confirmed by the fact that unexpectedly, we could notice that after UV--irradiation, in
221
both CSB deficient cells and CSB knocked down cells, the amount of CDK9/CyclinT1 was consistently 222 reduced compared to the amount of HEXIM1 (Fig 3B and 3C ).
223
These combined results (FRAP and Immuno--blot) demonstrate that specifically after UV
224
irradiation the complex CDK9/CyclinT1 is released from Hexim1 complex, but if the DNA repair factor
225
CSB is absent, this free fraction is rapidly degraded after UV irradiation.
226
227
UV irradiation induces a CSB--dependent RNAP2 Serine 2 phosphorylation
228
During transcription--coupled repair, the first protein that encounters the lesion is the RNAP2. 
250
these Cyclins are associated with the TCR--specific Ser2 RNAP2 phosphorylation ( Fig S5) . Obviously,
251
also in these experiments quantifications were normalized to the undamaged condition to be able to
252
highlight exclusively the role of these kinases and cyclines after UV irradiation during the TCR 253 reaction.
255
CDK9 increases the mobility of RNAP2 after UV--irradiation.
256
Because the kinase activity of CDK9 is not involved in the phosphorylation of RNAP2 during
257
TCR, but having established that CDK9 plays a role in RTR (Fig  1) , we planned to investigate whether 258 the absence of CDK9 would affect the mobility of the RNAP2 during the repair reaction. In order to
259
answer this question, we produced a plasmid expressing a GFP--tagged version of RNAP2 (Fig S6A) 260 and stably transfected WT cells. We could show that the GFP--Pol2 is localized in the nucleus of cells
261
and excluded from the nucleolus, as endogenous RNAP2 (Fig S6B) . The GFP--Pol2 fusion protein is 262 overexpressed in the overall population of cells ( Fig S6C) and for this reason just low expressing cells
263
were chosen to perform the FRAP analysis ( Fig S6D) . Strip--FRAP assays showed that GFP--Pol2 is Fig S6E) .
271
To investigate the mobility of RNAP2 during RTR, we carried out Strip--FRAP experiments on
272
GFP--Pol2 expressing cells in presence or absence of UV damage. As already observed in a previous 273 study in our group (8), there is no measurable change of the mobility of GFP--Pol2, after UV damage
274
( Fig 5A) . This is explained by the fact that the majority of the RNAP2 immobile fraction is due to GFP--
275
Pol2 molecules involved in transcription and that no additional measurable immobile fraction comes 276 from lesion--stalled RNAP2 molecules.
277
However, in the absence of CDK9 and in the absence of DNA damage, the RNAP2 immobile 278 fraction increases (Fig 5B) . This result is probably due to the higher retention of RNAP2 molecules on 
293
This pausing of transcription is necessary to allow the repair machineries to be recruited on the site 294 of damage for the repair reaction to take place. Once the repair is completed, RNAP2 pausing may be 295 released and transcription may restart.
296
During transcription and in absence of any DNA damage, RNAP2 naturally pauses at promoter-- 
302
would share a common molecular mechanism with the release of RNAP2 promoter--proximal pausing.
303
In this article, our effort was focused on decrypting the role of CDK9 during RTR, since as well as for 
320
Indeed, activation of the CDK9/CycT implies a release from 7SK snRNP and in particular the 321 dissociation from the P--TEFb inhibitor protein HEXIM1 (18). After UV irradiation, the increased 322 mobility measured by FRAP analysis for CDK9 is concomitant with the dissociation of CDK9/CycT from 323 HEXIM1 (Fig 2 and Fig 6) . Surprisingly, after UV--irradiation in CSB mutant cells and CSB knocked-- that is in charge for this phosphorylation, which still takes place in CDK9 depleted cells (Fig 4 and Fig   342   6 ). This result was unexpected as it shows that the complex CDK9/CycT plays a different role in RTR
343
than it has in the release of pausing at proximal promoters.
344
Because CDK9 reduction has a clear effect on the timing of the restart of transcription after DNA 345 repair achievement (Fig  1) but has no kinase activity on RNAP2 (Fig  4) , we explored the effect of the 
Materials and Methods
364
Cell culture
365
Cell strains used were: (i) wild type SV40--immortalized human fibroblasts (MRC5--SV); (ii) MRC5--SV
366
stably expressing GFP--Pol II (G418 selected--0.2 mg/ml); (iii) MRC5--SV stably expressing CDK9--GFP
367
(G418 selected--0.2 mg/ml); (iv) CSB deficient SV40--immortalized human fibroblasts (CS1AN, TCR-- 
380
GFP--Pol2 expressing cells were treated with 100 µg/ml of 5,6--dichloro--1--beta--D--381 ribofuranosylbenzimidazole (DRB, sigma) for 2h at 37°C before FRAP analysis.
383
Construction and expression of GFP--Pol 2 and CDK9--GFP fusion protein
384
Full length RNAP2 c--DNA was cloned in--frame into pEGFP--C1 vector and full length CDK9 c--DNA was 385 cloned in--frame into pEGFP--N1 vector (Clontech). Constructs were sequenced prior to transfection.
386
Transfection in MRC5--SV40 transformed human fibroblasts was performed using 
428
Protein extraction
429
For protein extraction, cells were cultured either in a 10--cm dishes or in 6--wells plates if cells need to
430
be transfected with siRNA. After irradiation as described above, cells were harvested by Trypsination.
431
The extraction of proteins has been performed by using either the kit CelLytic 
530
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644
The values of each protein are normalized to no--UV condition. 
